This paper addresses the issue of whether and by how much public capital can enhance economic performance. We apply di¤erent methodologies to Italian regional data for the period 1970-1994. The results are presented for Italy as a whole and for di¤erent macroregions, and for individual categories of public capital. For the Center and the South, the methodologies employed indicate a positive contribution of infrastructure investment to TFP growth, output, and cost reduction. However, the magnitude of the cost reducing e¤ect does not seem large enough to outweigh the social user cost of public capital. Also, we get mixed results on which types of infrastructure are most e¤ective.
Introduction
In the last half century, Italy has seen continuing e¤orts on behalf of its government to reduce regional disparities and spur economic growth via infrastructure investment.
The policy of supposed targeting of southern regions in the allocation of public investment has been alternatively the source of political dissatisfaction and of con…dence in the prospects of increased e¢ciency and growth. A symbol of the latter attitude is the recent volume "Cento idee per lo sviluppo" (Ministero del Tesoro, 1998), which has fueled a vivid debate among academics and policy-makers. The question is whether, and if so by how much, public investment is capable of increasing productivity, and also if there are regional di¤erences in the extent to which infrastructure investment may be productive.
Recent studies have addressed these questions using time series data on Italian regions. Picci (1995a) estimates a production function which includes public capital among its inputs and …nds that the latter has a positive and signi…cant e¤ect on production. In particular, he reports an elasticity of production to public capital of .43 and .35 with …xed and random e¤ects, respectively. When performing robustness checks, however, he …nds that this result is weakened. Acconcia and Del Monte (1999) estimate the contribution to real GDP growth of government spending in infrastructure and in consumption, and …nd that infrastructure investment is associated to higher growth, especially in the manufacturing sector. Furthermore, southern regions seem to be the ones for which this e¤ect is stronger. Rossi and Toniolo (1993) follow a di¤erent methodology in estimating a cost function with a century long dataset for Italy . They focus on the relationships among production inputs, and …nd that public and private capital are substitutes in the short run but become complements in the long run for most of the sample period. Finally, Bonaglia (1997) applies the cost function methodology proposed by Morrison and Schwartz (1996) to Italian regional data, and …nds that infrastructure investment leads to a signi…cant cost reduction, especially in the North East and in the South. Under the hypothesis of increasing returns to …xed factors, he concludes that public investment should be directed to the South.
The interest in the productive e¤ects of public capital is not an Italian prerogative.
Not only there have been analogous studies for other European countries (e.g., De la Fuente and Vives (1995) , who argue in favor of a positive role for infrastructure investment in reducing disparities among Spanish regions), but also the United States, which are not notorious for a policy of high state interventionism, have seen a growing interest in the returns to public infrastructure. Using state level data for the US, Hulten and Schwab (1991) estimate the e¤ect of public capital accumulation on the growth rate of total factor productivity (TFP) and …nd a weak relationship among the two. Aschauer (1989) includes public capital as an input in the production function and estimates an elasticity of about .35. This estimate is consistent with that found by Munnel (1990) when using data for the US as a whole, but higher than the elasticity found with state level data (approximately .15). Even more in contrast with these results, Evans and Karras (1994) and Holtz-Eakin (1994) …nd that, once state …xed e¤ects are included, the contribution of public capital to production is no longer signi…cant. Finally, Schwartz (1994, 1996) consider the e¤ect of infrastructure investment on production costs, and …nd that public capital has a cost reducing e¤ect, though limited in size and generally close to zero once the e¢ciency loss related to tax …nancing of public investment is taken into account. 1 This paper is an attempt to provide a systematic and comprehensive assessment of the impact of public capital on economic performance. It uses the same dataset (regional data for Italy for the period 1970-1994) and applies all the di¤erent methodologies that have been used in the literature on the US. The detailed theoretical framework and links among the approaches can be found in La Ferrara and Marcellino (1999). Furthermore, we provide estimates separately for di¤erent macroregions, to allow for varying degrees of e¤ectiveness across geographical areas, and for single categories of public capital, to investigate which components of infrastructure are more e¢ciency enhancing. All estimates include …xed and time e¤ects to control for unobserved region speci…c e¤ects and for spurious correlation.
Our …ndings show …rst of all marked di¤erences in the sources of growth in di¤erent geographic areas. Overall, the relatively high growth rates of the North East and the Center are mostly attributable to higher than average total factor productivity growth. Both labor and private capital in fact grew little in those regions in the 1 For a model in which the costs and bene…ts of public capital are embodied in an endogenous growth framework, see Barro (1990) . sample period. The South, on the contrary, had relatively low TFP growth rates and managed to achieve an average growth rate of real value added around 2 percent per year thanks to signi…cant private capital accumulation. Starting from these facts, we can expect to …nd interesting di¤erences in the impact of public infrastructure on productivity in Northern, Central, and Southern regions.
The …rst methodology we apply relates TFP growth to the growth in the stock of public capital. According to this methodology, the share of TFP growth that can be attributed to public capital accumulation is approximately 0.47 for the whole of Italy. The e¤ect seems to be larger and more signi…cant for southern regions (0.61).
The second approach estimates the contribution of public capital to output creation through a Cobb-Douglas production function. Again, we …nd a generally positive elasticity of output to public capital, quantitatively relevant for the Center (0. 16) and the South (0.49). Finally, we assess whether and to what extent public capital leads to a reduction in the costs faced by manufacturing …rms. We …nd that it does for the Center and the South, with an elasticity of total costs to public capital of 0.3 and 0.03, respectively. However, when the "social user cost" of public capital is taken into account, the bene…ts in terms of cost reduction are generally not high enough to outweigh the opportunity cost of public investment. This result, however, should be interpreted with caution, given that the available measures of "social user cost" of public capital are very imperfect and likely upward biased.
The rest of the paper is organized as follows. In section 2 we present descriptive statistics on the main variables of interest and discuss their regional patterns. In section 3, we present the growth accounting approach (the one related to TFP growth) and report the econometric results. In sections 4 and 5 we do the same, for the production function and the cost function approach, respectively. In section 6 we summarize the main conclusions of the study. Finally, in the Appendix we provide detailed variable de…nitions and data sources.
Descriptive analysis
In this section we present descriptive statistics on the main variables under analysis, namely, real value added for the industrial sector, labor, and private and public 
with S L and S K being the output shares of labor and capital, the bars of each histogram report, in the order, In Table 2 we further explore the decomposition of public capital into categories, reporting the growth rate and the percentage of total for each of them, see the Appendix for a description of the components of each category. As we can see from the …rst column, the average annual growth rate of public capital in Italy was 2.7% over the period 1970-94, about one percentage point lower than that of private capital.
Of all the components of public capital, Communications, Education, and Marine are those that grew fastest (6.0%, 6.3%, and 10.8%, respectively). However, their shares in total KG are quite low. In fact, the categories that account for the largest fractions of KG are Roads (35.6%), Water (17.6%), Sanitation (14.2%), and Land Reclaimation (11.9%).
[Insert A warning on these and all the forthcoming results is in order. Given that the stock of public capital is constructed using the permanent inventory method, this measure will be overestimated for regions where public spending is least e¢cient.
The proper measure of KG should be a physical index, but such a measure is not Picci (1995b) shows that southern regions are ranked systematically higher with the permanent inventory method than with physical index. Despite these discrepancies, we are forced to use the investment-based measure of KG due to lack of data.
Moreover, before drawing any conclusions on the role of public capital in enhancing growth, or on the relative importance of its components, we need to take into account other possible determinants, and therefore we turn to multivariate analysis.
Growth accounting
The …rst formal method that we use to assess the contribution of public capital is related to a simple growth accounting procedure. Starting from the expression (1),
we can compute TFP growth ( ² A ) and estimate how much of its variation can be explained by the growth of KG. We therefore estimate the following regression:
where i indexes regions, t years,°i is a region speci…c …xed e¤ect, and " it is an i. In Table 3 we report estimates of equation (2) for Italy and the four macroregions. 4 Overall, the growth of public capital has a positive and rather large impact on TFP growth (0:47), while the negative coe¢cient on private capital growth suggests the presence of decreasing returns to private inputs (¡0:14). When we disaggregate, we …nd that the impact of ² KG is positive everywhere but in the North-East, though it is only statistically signi…cant for the South (possibly as a result of a lower standard error because of a larger sample size).
[Insert TABLE 4a and 4b here]
In Table 4a we attempt to separate the impact of di¤erent categories of public capital. In the full sample (column 1) very little seems to be going on: no single category has a distinct impact on productivity aside from Water, which comes out In Table 4b we aggregate the various categories of KG into three main groups: AllWater, that includes water, sanitation and reclaimation; AllTransports, that includes roads, railways, and marine; AllOther, that includes, communications, education, and the residual category "other". The results do not improve but we will come back to this 
Production function
The second approach we follow is to include public capital as a direct input into the production function, and estimate its contribution to output creation, on the lines of Aschauer (1989) and Holtz-Eakin (1994). Assuming a Cobb Douglas technology with constant returns to all inputs, we estimate the following equation
Q and L are, respectively, real value added and units of labor, all variables are in logs (lower-case letters), ® and¯are the elasticities of Q to K and KG,°i and ± t are …xed and common time e¤ects. The parameter of interest for our analysis is the elasticity of production to public capital,¯.
[Insert TABLES 5 and 6 here]
Results for Italy and macroregions are reported in Table 5 . The impact of KG is positive and signi…cant for all macroregions, except the North-West, and is rather sizeable for the South (0:49). As for private capital, the estimated coe¢cient for Italy is 0:14, although for the single macroregions we get mixed results. 6 Overall, the qualitative pattern that emerges is consistent with what we found in the growth accounting, namely, KG seems to be relatively more productive in Central and Southern regions. We next disaggregate public capital into the three broad categories de…ned above: AllWater, AllTransport, AllOther. 7 From Table 6 , investment in transportation appears as the most productive component in all regions except the Center, where AllWater is the most prominent category. The pattern is more marked than in the growth accounting (see Table 4b ). 8 
Cost function
The last approach we pursue is the estimation of a cost function, in order to assess whether public infrastructure generates cost savings for the industrial sector, adapting the methodology of Schwartz (1994, 1996) to the Cobb-Douglas functional form to make results more directly comparable to the previous approaches.
To distinguish …xed and variable costs, we split K into variable private capital, K T (e.g., transport), and quasi …xed private capital, K B and K M (buildings and machinery, respectively). If we denote by G(¢) a Cobb-Douglas variable cost function, we can write total costs as
where P T is the user cost of variable private capital, W is the price of labor, t is a linear trend, and P M and P B are the user costs of quasi-…xed private capital. Notice 6 The negative coe¢cients for North-West and North-East are likely due to the anomalous decreasing pattern of the labor input in these areas. 7 We do not use the …ner disaggregation of public capital because of the fewer degrees of freedom (due to the presence of time dummies). 8 Regarding the e¤ect of transportation, di¤erent conclusions would be obtained under a model a'
la Krugman-Venables, where infrastructure can adversely a¤ect poor regions by lowering transport costs and inducing …rms to locate in richer regions. Indeed, Faini (1983) argued that in the '50s a similar e¤ect contributed to the deindustrialization of Southern Italy.
that KG does not appear as a direct cost because it is assumed to have a zero price for the …rm. On the other hand, it enters G(¢) because KG can potentially lead to a more e¢cient use of other inputs, hence to a reduction of variable costs.
The system we estimate is formed by the variable cost function (in logs), the factor share equation for labor, and the optimality condition (P Q = MC), as follows
where lower case letters indicate logs.
The estimated parameters are then used to calculate the shadow values of private and public capital, z KMt , z KBt , and z KGt , de…ned as the opposite of the marginal change in variable cost due to a change in the respective input:
>From z KGt we calculate the elasticity of cost to public capital. Assuming a zero user cost for public capital, it follows
In the terminology of Schwartz (1994, 1996) this is the shadow share of public capital. Positive values imply that public capital is cost reducing.
The …rst row of Table 7 reports the average value of S KGt over the period 1970-94
for Italy and the macroregions. The pattern is overall consistent with what we found in the other two approaches, namely, public capital is cost reducing in the Center and South, but not in Northern regions.
The last exercise we perform is to compare the shadow value of each type of capital with a measure of its opportunity cost, say c Xt for X = KG; K M ; K B . We construct the following indexes
A positive value of E Xt signals overinvestment in X, and a negative value underinvestment.
>From the second row of Table 7 , we would be led to conclude that the bene…ts from public investment have not been high enough to outweigh its opportunity cost even in the Center and South. Yet, a major caveat is in order. It is extremely di¢cult to obtain a reliable measure of the social cost of public capital, and we use as a proxy the de ‡ator of public investment multiplied by (r + ±), where r is the real interest rate and ± is the depreciation rate. What we obtain is higher than the user cost of private capital because the …scal and …nancial bene…ts available to private …rms are not deducted (see the Appendix for a detailed de…nition). It is possible therefore that we are overestimating the social user cost of public capital. 10 The last two rows of Table 7 present analogous results for private capital in machinery and buildings. For the whole of Italy, only private capital in machinery has bene…ts that outweigh its costs, and this seems to be mostly attributable to NorthWestern regions. On the other hand, investment in buildings appears to be most convenient for the North-East.
Conclusions
This paper has addressed the issue of whether and by how much public capital can enhance economic performance. We have applied di¤erent methodologies to the same dataset, i.e., Italian regional data for the period 1970-1994. The results have been presented for Italy as a whole and for di¤erent macroregions, and for individual categories of public capital. For the Center and the South, the methodologies employed have all indicated a positive contribution of infrastructure investment to TFP growth, output, and cost reduction. However, from the cost function approach, the magnitude of the cost reducing e¤ect does not seem large enough to outweigh the social user cost of public capital. Also, we have got mixed results on which types of infrastructure are most e¤ective. Overall, investment in transportation appears to be the most productive: according to the growth accounting approach railways in the 10 We do not report results for the various categories of public capital as in the previous approaches because we do not have enough degrees of freedom due to the high parametrization of the cost system.
North and roads and airports in the Center and South are the categories that mostly contributed to TFP growth.
A.2 Labor input
The labor input (L) is expressed as thousands of "total labor units" (unità di lavoro totali dell'industria), which include both dependent and autonomous workers. The price of labor (W ) is given by per capita annual earnings in millions of current liras (redditi da lavoro dipendente). This measure has the advantage of capturing the e¤ective cost of labor, since it includes both gross remuneration of labor and social contributions (contributi sociali a carico del datore di lavoro, e¤ettivi o …gurativi).
Since data on self-employed earnings are not available, we assumed them to be equal to the earnings of the dependent workers.
Labor market data come from: ISTAT, "Annuario di Contabilità Nazionale", "Le Regioni in cifre", "Annuario di Statistiche del lavoro", "Annuario Statistico Italiano", various years.
A.3 Capital input
We distinguish between private capital (K) and public capital (KG). The former is further disaggregated into "Machinery and Installations" (K M ), "Transport Equipment" (K T ) and "Industrial buildings" (K B ).
Data on private capital stocks were built using the perpetual inventory method.
(see, e.g., Bonaglia and Picci, 1999) ). In order to build the capital stock for the period of interest (1970-1994), we need constant price …xed-investment series dating back at least q years before 1970, where q is the average economic life of the capital good considered.
ISTAT (1997) provides regional series on …xed investments for the 1980s, while data for previous years can be found in SVIMEZ and FEEM. To start with, we combined these di¤erent sources in order to obtain homogenous investment series at the regional level, covering the relevant period. These series do not distinguish among di¤erent kinds of capital goods. Therefore we had to make some assumptions on the relative weight of K M , K T and K B in aggregate investment. In particular, we assumed that the national pattern of investment is reproduced at the regional level.
Data on the public capital stock, KG, (expressed in billions of 1990 liras) are taken from Bonaglia and Picci (1999) . They are obtained cumulating public investment series by ISTAT, Indagine sulle Opere Pubbliche, again following the permanent inventory method. The categories of KG are described in the gross capital stock, net capital stock, consumption of …xed capital, and gross …xed capital formation. We decided to use the net capital stock because it takes into account the reduced e¢ciency of older assets, instead of assuming that each vintage of goods has the same e¢ciency throughout its whole economic life. of using the capital input for a given tax rate on corporate income and a depreciation rule.
We build the user cost following the approach of King (1972) , as it has been applied to the analysis of investment decision in Italy by Schiantarelli and Marotta (1981) . De…ning p Kt the e¤ective price of capital , r t the discount rate, and ± the depreciation rate,
The e¤ective price p Kt is the price paid for a unit of capital good, once …scal and …nancial bene…ts are taken into account. It is obtained by adjusting the investment de ‡ator, p It , for a comprehensive measure of those bene…ts: p Kt = p It (1 ¡ US t ). In particular, it is
where ¿ t is the tax rate on pro…ts, CC t are government contributions to buy industrial capital given through Cassa del Mezzogiorno for the years in which it was operating, 
A.5 The user cost of public capital
Since public capital is not under the control of the …rm and it is not possible to trace out a direct link between corporate taxation and the use of public infrastructure, there seems to be no explicit cost paid for this (public) good: its user cost, c KGt , could therefore be set to zero. Nonetheless, we could be interested in assessing if more public investment is justi…ed. This calls into question the notion of a social user cost of public capital. We build it using the de ‡ator of public investment (P IGt , source CRENOS, 1998), but without adjusting it for taxation, i.e.,
The discount rate is the same used for private capital, while for the depreciation rate a 50 years economic life is assumed. Tables   Table 1: Correlations between TFP and public capital Heteroskedasticity consistent standard errors in parentheses.
* and ** denote signi…cance at 10% and 5%, respectively. Heteroskedasticity consistent standard errors in parentheses.
* and ** denote signi…cance at 10% and 5%, respectively. Dependent variable is (log of) value added per worker in industry.
* and ** denote signi…cance at 10% and 5%, respectively.
Heteroskedasticity consistent standard errors in parentheses. Dependent variable is (log of) value added per worker in industry.
Heteroskedasticity consistent standard errors in parentheses. S X is the shadow share of X.
E X is (U X ¡ Z X )X=C, where U X is the user cost of X and C are total costs.
The reported values are averages over the sample 1970-94. 
